The application of ice to the anterior chest wall in human subjects resulted in retardation of repolarization of the anterior myocardium and was accompanied by a decrease in the plasma potassium. These phenomena were tentatively related to the effects of local cooling of the myocardium.
IT HAS been demonstrated1-6 that indirect local cooling of the heart in man produces characteristic electrocardiographic changes analogous to those obtained by direct cooling of the myocardium in experimental animals.7-'0 In particular, precordial cooling in man causes depression and inversion of the T wave over the site of the cooled myocardium.
In this study the precordium was cooled in 2 ethnic groups, African (Bantu) and European (white South African), in order to gain further information on the factors involved in the production of the altered pattern in the electrocardiogram. An attempt was made to correlate the T-wave changes with the decrease in the serum potassium levels that resulted from precordial cooling. In addition, further observations are presented on the different electrocardiographic response in the African as compared with the European.6 METHODS Ten African and 10 European healthy male students presented themselves for investigation either in the afternoon or morning after 6 to 12 hours of food deprivation; water was permitted ad lib. The subject rested in the reclining position for an initial period of 30 to 60 minutes (basal period). An icebag 1012 inches in diameter was then placed on the anterior chest wall for 1 hour (experimental period). After removal of the icebag the subject remained in the same position for a further 60 minutes (recovery period).
During the basal period, recordings were taken of the arterial blood pressure and skin temperatures over the precordium and ankle, and venous blood was drawn for the chemical and other analyses listed below. At the end of the basal period these procedures were repeated and in addition an electrocardiogram was recorded immediately after the drawing of the second sample of blood. A baseline having thus been established, the icebag was applied and during the subsequent experimental period all the above procedures were repeated at 15-minute intervals. A final series of observations was made at the end of the recovery period.
The conventional 12-lead electrocardiogram was recorded for 2 respiratory cycles. During the experimental period at the 15-, 30-, and 45-minute intervals, lead V2 only was used, the electrode being placed under the icebag.
The blood samples drawn at all the intervals mentioned were analyzed for sodium and potassium" in all the subjects, calcium' in 9 subjects, hemoglobin and hematocrit values (the tubes were spun at 3,500 r.p.m., 2,050 G for 45 minutes) in 9 subjects, and glucose according to the Somogyi method in 6 subjects. In 10 subjects the number of eosinophils was determined'3 in the blood sample drawn after cooling for 60 minutes and was compared with the number in the basal and recovery samples.
Sodium and potassium were also estimated in the urine" in 5 subjects during the basal, experimental, and recovery periods. Six subjects either could not void urine or the volumes were insufficient to draw reliable conclusions.
To assess whether the local cooling of the precordium was responsible for the findings to be presented, each student was reinvestigated on a subsequent occasion. Identical procedures were followed in each instance, except that the icebag was placed either on the abdomen or on the lateral aspect of the thigh. This experiment will be referred to as the control. In this control series the temperature readings of the cooled area of skin showed a decrease similar to that obtained over the precordium. Limb Leads. Slight depression of the T wave was observed in lead I (7 subjects), lead II (2 subjects), and lead aVL (10 subjects), with a small increase in positivity in leads III (12 subjects), aVF (16 subjects), or decrease in negativity in lead aVR (4 subjects).
Other Modifications in the Electrocardiogram
The P wave became flattened in V2 in one subject and in leads V1 and V2 in another. In a third subject notching in lead V2 disappeared after cooling the chest. Inspection of the QRS complexes and measurement of the Q-Tc (V2) showed only minor variations from the basal Q-Tc. The ST segments in leads V2, V3, and V4 were raised in 11 subjects and, with the exception of 2 The precordial cooling was accompanied by a reduction in the pulse rate. The blood pressure rose, the diastolic more than the systolic, and the skin temperature over the ankle dropped with cooling of the chest and of the abdomen or thigh. All these alterations (table  2) were more marked in the African group.
The eosinophil counts and the levels of blood glucose did not indicate that cooling elicited an adrenal response. These findings do not necessarily rule out an adrenocortical response selectively affecting the plasma potassium level.
DIscUSSION
The progressive depression and inversion of the T waves in leads V1 to V4 are theoretically due to delayed repolarization of the anterior surface of the ventricles, lying adjacent to the recording electrodes. Similarly, the notching of an otherwise smooth descending limb of the T wave would be compatible with a disparity in the rate of the repolarization between portions of the myocardium. The findings in the limb leads are also consistent with involvement of the anterior surface of the heart. The assumption is made, therefore, that these manifestations were due to cooling of the anterior surface of the myocardium as a result of penetration of cold through the chest wall. The analogous responses of the electrocardiogram obtained in experimental animals, in which the hearts were cooled directly, support this hypothesis. The direct correlation between experimentally produced temperature changes of the heart in dogs and the concomitant alterations in the voltage of the T wave14 also favors this supposition.
The exaggerated response of the electrocardiogram in the African could therefore be attributed to a greater degree of cooling of portions of the epicardial surface. Certain factors would appear to facilitate the conduction of the cold through the chest wall to the heart in the African. Firstly, the African students had a relatively thin skin fold over the precordium. Taken in conjunction with the lower average weight of the African compared with the European group, the possibility exists that the heart in the African is not as well insulated by subcutaneous and possibly also by deep fat. Indeed, Rahman and co-workers6 noted that in poorly nourished subjects the electrocardiographic response to precordial cooling was greater than in well nourished individuals. The observations of Piaggio Blanco and associates3 are also relevant; they obtained the most marked modifications in the T wave in a subject with a rib resection whose heart was close to the skin; conversely, the least alterations in the T wave were seen in subjects with pneumothorax or emphysematous bullae, where the air acted as a poor conductor between the icebag and the. heart. Secondly, measurements of the circumference and anteroposterior diameters between bony points at various levels revealed that the chest was smaller in the African than in the European. Thus, in the smaller thoracic cage of the African the heart may be close to the anterior chest wall; consequently the heart would be more readily cooled by an icebag on the precordium. While the precordial thickness of fat and size of the chest may contribute to the differences in the response of the electrocardiogram in the 2 ethnic groups, there were a number of exceptions. A comparative study on a larger scale of the orientation and insulation of the heart in the 2 ethnic groups may provide evidence to confirm the postulates made. Whether there is a relationship between this readily producible inversion of the precordial T waves in the African and the socalled spontaneous inversion in Africans5' 15 and American Negroes,16' 17 requires consideration.
The cooling of the myocardium was also probably responsible for the slowing of the heart rate (table 2). However, it is unlikely that the heart was cooled sufficiently (the precordial skin temperature having been decreased by 18 C.) to produce an "injury potential" of the myocardium. The possibility may be entertained that the raised ST segment, found in 11 subjects, could be due to the slowing of the recovery process resulting in a "continuum of the potential imbalance from one cycle to another." '8 The mechanisms whereby cold retards the rate of repolarization remains to be explained. Coronary vasospasm with consequent diminution in blood supply is a suggested mechanism.3 A vagotonic response to cold, which is alleged to be exaggerated in the African (Bantu), has been implicated. 5 The present investigation does not permit an assessment of these possibilities.
Current theory holds that the ionic transfer, particularly of sodium and potassium, across the membrane is related to the potential changes in nerve and muscle.'9 The relationship of the plasma potassium concentration to the T wave has been comprehensively reviewed.20' 21 In the present experiment it was demonstrated that the plasma potassium concentration and the height of the T wave decreased progressively in a parallel fashion ( fig. 2 ). Whether these 2 variables are mutually dependent or are independent manifestations of precordial cooling cannot easily be assessed. Presumably, the drop in the plasma potassium level was a parameter of an altered intracellular and extracellular potassium balance in the cardiac muscle, modifying the T wave. Admittedly, there was a lack of correlation between the decrements of the concentration of plasma potassium and the amplitude of the T wave. But the plasma potassium level per se is no indication of the intracellular and extracellular equilibrium of potassium in the heart. Furthermore, the individual sensitivity of the heart to a decrease in the plasma potassium must also be taken into account.
The mechanism whereby precordial cooling lowers the plasma potassium remains to be established. The decrease in the concentration cannot be accounted for by hemodilution or increased urinary excretion. While further blood volume studies and more urinary estimations are necessary to confirm these results, it is to be inferred at present that a change in the intracellular-extracellular potassium balance has occurred. It is unlikely that the heart alone retained the amount of potassium lost from the extracellular compartment. The average maximum decrease in the plasma potassium of the subjects investigated was 0.39 mEq./L.; if an extracellular fluid volume of 20 per cent of the body weight is assumed, the loss from the extracellular compartment for these subjects can be calculated as 5 to 6 mEq. Since the heart contains approximately 25 mEq. of potassium,22 it would have meant an extremely high proportion of potassium uptake by the cardiac muscle alone. An increased uptake of potassium by the heart would indeed be contrary to the findings reported on generalized hypothermia of an increased output of potassium by the heart.23 Furthermore, it has been shown that cooling of isolated striated muscle (rat diaphragm) produces a decrease in the rate of inflow of potassium into the muscle.24 In our control experiments cooling of striated muscle (abdominal and thigh) did not generally alter the plasma potassium concentration.
From the available literature, no information was obtained about the movements of electrolytes during local cooling of the heart in the intact animal or in man. During generalized hypothermia, however, a rise in the potassium has been reported in rats,25 dogs,26 27 and unanesthetized human subjects.28 On the other hand, a fall in the potassium has also been obtained in dogs. 27' 29, 30 The rise in the plasma potassium in the case of the cooled rats was attributed to shivering and an associated, increased liver glycolysis. Shivering could also have accounted for the rise in plasma potassium in the human subjects. The cause for the fall in the plasma potassium in dogs was considered in terms of a rise in pH produced by hyperventilation, but a decrease in the plasma potassium was also obtained. 29 The carbon dioxide content of the blood could not be correlated with the changes in the plasma potassium.27 In our experiments, shivering did not occur nor were there any obvious changes in the rate and depth of respiration. Hence these complications did not disturb the plasma potassium level.
As the modifications, both in the electrocardiogram and in the level of the plasma, were detected only with cooling of the chest, it is tempting to ascribe the cause of these modifications to a common factor. In general terms it may be postulated that the cold inhibited a chemical system in the myocardium concerned with the ionic exchange related to the repolarization process. Disturbance of this system may have triggered a reaction affecting the potassium transfer from the extracellular to the intracellular compartment. Perhaps the affected system involved the acetylcholine-cholinesterase relationship to the potassium and the repolarization process.3' While it is well known that potassium profoundly affects cardiac activity, the results of our experiments suggest that a decrease in temperature of the heart may in turn affect potassium metabolism in general. SUMMARY Cooling of the anterior chest wall in 20 students (10 African and 10 European) resulted in depression and inversion of the T wave in leads V, to V4 and a concomitant decrease in the plasma potassium concentration. The most marked T-wave modifications occurred in African students and this has been attributed to a greater penetration of cold to the myocardium.
From investigations of the urinary potassium excretion and from calculations of the plasma volume it has been inferred that the decrease of the plasma potassium concentration was due to a passage of potassium into the intracellular compartment.
As the T-wave modifications and the decrease of the plasma potassium concentration occurred specifically with cooling of the chest wall and not when other localized areas of the body were cooled, it is postulated that cooling of the heart affected a mechanism that influenced both the repolarization process and the regulation of potassium metabolism. ACKNOWLEDGMENT We wish to thank Professor Joseph Gillman, Dr. S. Brenner, and Dr. B. van Proque le modificationes del unda T e le reduction del concentration de kalium in le plasma occurreva specificamente post frigidation del pariete thoracic e non quando altere areas localisate del corpore esseva frigidate, il es possibile postular que le frigidation del corde afficeva un mechanismo que influentiava tanto le processo de repolarisation e le regulation del metabolismo de kalium.
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